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Electrostimulation of microbial reactions. 

(57) A method of fermenting a substrate with a microoroan- 
lem by forming o broth oomprioing the substrate end the 
microorganism, and forming a fermentation product there- 
from characterised in that a fermentation stimulating elecm- 
qoI cignal 10 imposed ooroo3 the broth. 
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until it matches the siae of the original cell, and .then 
separate,, leaving a bud scar. Fungi grow by chain 
enlongation and branching, i.e.* with growth proceeding 
from the tip of the nycelium through the formation of 
5 septa between individual cells. Cell division iai*y 

require anywhere from 1$ minutes to" an hour for bacterial 
growth, from 45 minutes to 2 hours for yeast growth, and 
b from cne to eight hours for rungs, nrr mycelial growth. 

The specific path of product synthesis, i.e., the 

10 reaction parti .rnr the formation of the metabolite 

product from 'the bubetratc or nutrient ic not clearly 
understood for every fermentation reaction. However, 
it io believed to depend upon microbe growth and 
Concentration, nutrient utilization, and metabolic 

15 controls. 

It' has now been 'found that the reaction rate of 
f ermentafcion re actions , that is, the yield per unit time, 
unit volume, unit nutrient or substrate concentration, 
and uxrir microbe -concentration is enhanced by the 

20 . application of an alternating or pulsed high frequency 
elftctric field to the reaction medium or microbes, 
substrate, and nutrients.. 

As used herein, the terms "fermentation", 
" ferment at ion rcaotione", and "reactions utilising 

25 fermentation techniques" include aerobic and anaerobic 
metabolic activity of a microbe or microbes in which 
chemical changes are brought about in an organic or 
• . inorganic substrate, and any process mediated by or 

involving microbes or microorganisms in which a product 

30 accrues . 

As used herein, the terms "microbes", "microbe", 
microorganisms n , and "micro-organism" include prolcaryotes 
end eukaxyotes,- "rrokaryotes", as used herein, means 
unicellular microorganisms, including bacteria n^H 

35 unicellular blue-green algae. "Eukaryotes" , as used 
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Uihe electrical stimulation electrical current 
may. be an alternating current or pulsed direct current* 
It should have * freouehey of from- about 1 kiloheiisi 
tu about 1000 kilohei-t*^ although Xx-equencies below . 
5 about 10 megahertz may be used as veil as frequencies 
above about 0.1 kilohertz with .some-, increases in yield* 
However , care shoulrt "be taken e*g, by using a frequency 
, • above about 0.1 kilohertz, to- avoid large . "amounts of 
electrolysis occurring within the reaction Tnediirni at 

10 low frequencies* . 

The method of this -invention may advantageously be 
carried out at various ranges of the cleotrolytic 
variables, i.e., electrode area, inter-electrode spacing* 
inter-elcctrocLc volume % current, current- density, 

15 current per unit liter-electrode volume, cu r r ent .per 
unit broth volume, vpltage, voltage .per unit inter- 
electrode spacing, power per unit jiiter-eleotixide volume * 
power per unit broth V6lnme, and. frequency-. 

For example, the method of this invention has b£en 

20 * carried out utilizing Saccharomynfts Cftrv5siaa to ferment 
glucose at currents per unit interelectrode. vblume of 
from about 1 x 10~2 milliamperes per cubic centimeter 
to about 50 x 10~'. milliamperes per oubio centimeter of 
inter-electrode volume, at currents per uuit broth 

25 volume of from about 1 x 10"* milliamperes per cubic- 
centimeter to. about 50 x 10~* willieuaperes' per oubio 
centimeter of broth, current densities of about 2 x 10"^ 
milliamperes per :»<iuax*e- centimeter to .5' x 10 milli- 
amperes per sguaxe cexftimeter of ele.ctrode area t voltage 

59 fluxes of 0.1 to 3 millivolts per .centimeter of inter-* 

electrons space, inter elect rode power dissipations of 0.2 

10"^ watts per cubic centimeter -to 6 ac 1Q~? watte per 
cubic centimeter of ' interelectrode volume and broth- 
power disaipations bf 0.2. x 10""® watts per cubic ccnti- 

55. meter of broth volume to 8 x ID -8 watts, per cubic 

• > • 

» 
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centimeter of broth volume. Electruly bio variables, ± e 
currents, voltages , and power dissipations, and products* 
and quotients thereof, outside the above ranges may be 
utilised as long as care is taken, by avoiding simultan-' 
5 ecus astomer of the ranges, to avoid destruction of the 
microbes; 

According to one exeinpliTiuation of tne method 
- herein contemplated, a reaction aedium of g hexose, 

e.g., glucose, other nutrients, and a yeast, Saocharcmvcgg 
10 o erevisiae is- provided. A pair of electrodes arc spaced 
ahout 4- to about 7 centimeters from each other within 
the broth, and an electrical current at a current density 
of about .0.1 to about O.J milliemperes per square 
centimeter of electrode area is passed through the 
15 reaction medium at a frequency of about 100 kilohertz to 
/ _ about 1000 fciloherta. In this way, the yield of product 
per unit of substrate per unit time is increased -by 
about 15 to about 20 percent compound with the result 
without elentrical stimulation. 
20 According to an alternative exemplification of the 

method of this invention, a reaction broth of a 
. bacterium -such as Villus .polgju^a ox Bacillus lich^-i. 

formis, and glucose are prepare. The fermentation 

reaction is then carried out while an altering current 
bavxng a frequency or about 1 fcLlohertz to' about 1000 
Jeilnhertz, an imposed voltage signal sufficient Lo provide 
- . a current of 1 x 10~3 nHUiamperes per cuhic centimeters 
of intereleetrode volume and lO" 1 to 5 milliampers per 
liter of oolution is imposed across the broth. a!he 
' ^0 resulting production rate of butane diol ia increased 
• by about 20 percent compared with the result without 
electrical stimulation. 

*hc method of electrostimulated fermentation herein 
described is useful with single cell blue-green algae, 
55- bacteria, yeasts, and actinomycetes. Suitable yeasts 
are for example, beker'e yea St and brewer's y eaB t 
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single cell yeast of the SaccharoTnycoS dicae group, oa 
exemplified by Saccharoayces -oerevigiae- " 

(Ehe method of clcctrostimulared f ermentation is 
useful with various feedstocks. Exemplary * gure variou* 
5 carbohydrate substrates/ By carbohydrates we mean for 
example polybydioxj .aUcehyfl.es, polynydrosy ketones, and 
subscancee that yield polyhydroxy aldehydes or poly- 
hydroxy keloids upon hydrolysis lor saccharification. 
Exemplary carbohydrates, are sugars i i.e. '.en o char idee. 
10 The saccharides useful in Lhe method of this . invention 
may be monosaccharides, . i<.e. s carb'obydratec incapable of 

further hydrolysis,, or- -polysaccharides, i-e* carbohydrates 

* » * 

that yie^d monosaccharides upon hydrolysis or saecbar T - 
if icatioix. Haturally uuooi*rluK ^ic^hiirideri useful aa 

l£ substrates in the methods- of this invention include 
heptoses* hexoses, pentoses, tetroses, triose 3 homo- 
polysacchairiflfts thereof, anr^ hetsropolys^ccharides thereof. 
Exemplary hexosfcs include glucose, fructose > mamiose, 
galactose, and the fructose-glucose, ddesaoharida, sucrose* 

20 Exemplary pentoses include, arabiiiosc,' ariose , ribose, and 
apiose. Exemplary polysaccharides .include sucrose, 
mentioned above, maltose, -lactone /.raff inoec, starch, 
glycogen; cellulose, peel-ins, chitin, inulin, agar, 
hemic elluloses, plant gums and mucilages r • and immuno— 

S5 polysaccharides* B^T carbu^drales * we- also mean sugar 
alcohols , e.g. sorbitol, matinitol, glactitol, or. the 
inositols* Industrial sources of carbohydrate include, 
by way of exemplification manure, cellnlosic wastes, 
molasses, whey, sugar, grain staroHec, and byproduct 

30. carbohydrates. .Suitable grain starqhes 'include by way 
of exemplification -corn, com stover, vhcafc, barley, 
straw, and bagasse. 

Amino acids m=^y be utilised sls* substrates for 
f erwejilaliuii lype reactions .> They jnky..be recovered as 
_ 35 products of fermentation type reactions , or they may be 
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intermediates, produced in one fermentation type 
reaction as a substrate Tor a subsequent fermentation type 
reaction. Exemplary alpta^-ino acids- include glycine!— 
alanine, valine, leucine, leucine, serine, threonine, 
cyetexue, cystine, methionine, phenylalanine, tyrosine 
Prolix tryptophan, lysi^, ax-^We, histidins, • aopartic 
acxd, and glutamic acid. *he above enumeration i a 
intended to be exemplary, and not exclusionary. 

Other substrates which may be utilised are, for 
example, hydrocarbons, e.g., aliphatic hydrocarbons 
oarbocyclic hydrocarbons, ann heterocyclic hydrocarbons 
As used herein, hydrocarbons inolnde. substituted hydro-" 
carbons, e.g. halo K enated hydrocarbons, and hydrocarbons 
having one or more functional groups, e.g. alcohol, ■ 
15 ketone, aldehyde, acid, ether, a^ine, amidine. K-sW 
amide, ^ir-diaJlcyi *mide, iridic ester, imidei aldiaine 
ketominc, thiol, thio ether, disulfide, thio acid 
dithioacid. thio aldehyde, thio hctone, sulfonium,' 
sulfoxide, sulfinic acid, sulfone, sulfonic acid, phoa- 
20 phxte, phosphide,, phosphonate, phosphate, orthocarbonate, 
. carbonate, chlorof ormate, carbamate, carbamide Cineludin R 
urea), ff-aliylurea, o-aliylurea, cyanate, isocyanaLe, 
carbodiimide, xanthate, thiocarbamate , thiocyanate 
ioothiocyanate, diasoate, or dri azocyamid* groups. 
25 .many cases the substrate is a dilute pollutant, and is ' 

degraded or .metabolized to a nor, -polluting product ' 
. . ■ The method of electrostimulated fermentation may 

be ut^ed with both aerobic and anaerobic fermentations. 
. : SlectrostHwulated fermentation is useful in the 
industrial scale production of any product that can be 
produced by fermentation techniques, as described 
hereinabove. (Dheco prcducts include the following, *hi oh 
enumeration is exemplary and not exclusionary: anti- 
biotios; organic solvents, for example, alcohols , e.g., 
butanol.-eLhanol, and amyl alcohols, ketones e.g. aceione- 
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gases, e«g* carbon dioxide and hydrogen.} beverages t e#g» 
wines, beers and lienor**; roods, e.g. cheeses, fermented 
milks, pickles, sauerkraut, soy sauce* yeast, vinegar, and 
nrushrooros; flavoring agents e.g* monosodium glutamate; 
5 organic acids and hydroxy acids e.g. lactic acid, auelic 
acid, citr5c acid, gluconic acid, "butyric acid, fumaric 
acid, and itacoaic acidj glycerol; 'amino acids, e„g» 
I> glutamic acid and L-lysine; steroids; organic trans- 
formations, including steroid, alkaloid, and antibiotic 

10 transformations; yeasts, including rood yeasts and 

animal feed yeasts, legume innoculants ; pestioidea, c-g. 
microbial and "bacterial pesticides; vitamins and growth, 
stimulants, e.g. vitamin B 12 vitamin A, riboflavin and 
gibberallciiies ; enzymes including amylases, proteolytic 

i5 enzymes, pectinases, invernases, . and celluiases, inter 
alia; fats; fait? acids; alcohols; fuels; euid LjqLl-u- 
carbons. 

The electrostimulation method herein contemplated * 
may also be used for the control or destruction of 

20 • deleterious substances, e.g., pollutants, and aqueous 
. dispersions, suspension* and solutions of hydrocarbons 
or balocarbons, including polymers thereof « 

While the electrostimulate fermentation method 
described herein above is useful with various microbes 

25 , in various fermentation reactions, the method of this 

invention may be exemplified by the Weizmann Process for 
the bacterial fermentation of starch to yield n-butyl 
alcohol, ethyl alcohol, and acetonp.; •hhft production of 
ethyl alcohol by the use of IZhizopus f ormosaenai s, 

50 BaccharoTnyoes cervisae ,, Sac char omyces uvarium , ot» 

Aspergillus foetiduo ; the production of acotio aoid 
utilizing Acctohactel alcoholophilus « Lactobacillus 
plant cram , or Polyporue palustris ; the production of 
acetone utilizing Clostrldiums : the production of butanol 

35 utilizing Clootridiums ; the production of glycerol 
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utilising Bacillus UokenUonmg or SsccharoipyoeB rmari i-. 
the production of acetic acid uoing A octobactei paa-tun^ ' 
■ iaau £? tiie Production of wines using Sac char onyees 
chevalier! , S^charomrces gorvlaiac, Saccharoses rgei , 
gaooharoaxuea vafer, Sacchajgag cag vini Toiulaap ora 
riorentj.na , Saccharonrrcon acetj , or Saccharoses" orldanfl , 
the production of edible proteins utilising C.hactomium 
cellalolytiium, Geotjjomn candid-am , Candida utilis 
Cclluimonaa or Alcaligenes faBCRlis - the production of 
anthxoguiwonss utilising Chryaosuor i um laerdarium . 
Holminthsporiua cynadonitis, or Pftpicillium ielandic-^ 3 
the production of antibiotioo utilizing Byssochlannrs 

Jueariuia eoniselo, Glioclad^m . Aspergillus a a ti & ™,« . 
Aspergillus sxiluhureos, Penioillium cy clop™ , Peniclllinm ' 
15 ?aJ tenri , Penicill ium paliL-ans . Penicillin puberal^. 

•Aspergillus Indians, P^nacillium ohcrc.enm . Peuicilllum 
notatum, aoromoniun strictuia, Ceuhalasnorium ohryso^ ^ 
Serratia r ebidaea, Streutomycfis Wendulao . Street oni yccs 
. c lamiftoTis , Streptomroes liggggij_ T Aciaetobacter ca7r.n_ 
£0 o ceti cus, Bacillus ceres. .HacilXus lichenif ormia 

Bacillus subtilie; the production of ' 3>ar e inine by 
. Bacillus subtilis , Breribacterfmn fi,^, Oorynebacterri™ 
glatajnicutn, or Protamine baotcx* thij^pj^u*; the 
production of ascorbic acid by escherlchla ; the production 
25 .of bxotin by CorynRba pt erin n-imorpjoxydans . or Psugdo- 
manus avitablio; the production of butanediols u^ne 
.Bacillus lioheniformis , Bacillus pol-ray *^ or Kle bsiella 
jT^moniae ., the Production of butyric acid using TSuty- ' 
rivibrio fibrisolvens^ the production of capxylic acid 
^ R^i^cterium alact 0 l^< the production or • 

caz-boxylic acid utilizing Sacchronnrcor.sis linm.ytica , or 
Sporolnnyces odornsj the production of formic ucid UBing 
Fglyjporus jpalustris; the production of fructose utilizing 
. Bacillus ne^ t^inn, Pseudcmanue borcopoUia or Pseudomonafl 
55 riuoroscens; the production or gluconic acid using" 
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Aspergillus carbonarius. or ' Penioillum chrTs o^en^t the. 
production of glucose utilizing. Trichoderma lonp£hyaclfc - 
iattw; the production . of p-hydroxy bensaldehyde using 
G accharomycea antic: the production of singl* cell 
5 proteins utilizing Arthrobactor potzrolcophagus ^ 

Arthrobaoter rub ellua , Arthxoba<jltti^ , AsperptilJufl fumig- 
atu£* Ge LJ ul nmonas cartelyticuia , Coryncbact erium faji- 
. ' olccmae , jftuyuroin yoes fr agilis morehella crasgjpe . l^no^ 
bacterium curn atum* . >jycoobact erium petrolcophiluin. . or 
10 ITooardic. neoopaca , and the production of xanthan gum 
using, e.g.. t XanthaTnoTia5? ctampestriB , The method of 
electrostimulated fermentation be used 'In ttie 
fermentation of substrates, to obtain .iritamins, anti- 
biotics , " and enaymes • * . 
1-5 Electro stimulated fermentation also fi nd s utility 

in microbial cellulose digestion, e.g,, with Po lyanKium 1 
cellulosum ? cleaning metallic surfaces, e^g- f with. 
ghiobPcillus f errooxidans. qr ghiobaaillua thiooxida ng: 
degradation of cellulose; degradation of cyanides jLa 
20 waste water, e.g., with Bacillus subtiiip . OoryncbRot e rium . 
or Ifocardia^rubrop ert iuot a ; . degradation. p£ ethylene * 
glycol with unidentified bacterium, ATCO 270^25 degradation " 
] cf chlorinated phenol fungicides; ^degradation of systemic 

fungicides, e.g„ » with ffhizo-pus iapnnicns ; degradation * 
25 .of hydrooarbono, c.e-> with- Aspergi llus Versicolor , . 
Brettanomyoes petrouhilum ./ Candida' pet rophilum, Candida 
tropicalis , Claclosporiiia resinae t Cunnin ghameila 
glegans, Eupexiici Ilium zonatum , SaccharoTaycapnrAs lipul^r- 
*1££l i o:c flonilopsiB pgtropbilum ; ' degradation of oet fuel, 
30 e,g. f with Acre anoniuni -striatum . Alterna-rla- alternata » 
Aspergillus faTnigataa t or Cla.doSTjorium resinae ; ' 
degradation of methanol, e.g., with Hansenula' polymorphs. : 
degradation or nitrnes in* waste water, e.g., with 
Aloaligenes vi solacfcia. Nocardi a ru bx : uglincta ,. or 
55 Ba cillus subtilis t - degradation of petroleum* e-g. with 
Aspergil lus aureohaaid'iuin 1 Candida pa rapaiiqsig ^ Candida 
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tropicalis , Candida utilis, Cladoap orium .lado^ioS^c 
Myrotheoium verrucaria, Nocardla coraTHn* , t^Z^T ' 
f£uherula, Noca^ia opai^ ggoa rdia waf finite . Kor ardia 
£ubra, ren icillium , Brototheca. Hhodotorula . Saccharo- 
myoee ce.Tnrisiae, or Saoohaxonyco-psia i iT?olYt:i r ^ . "^7 
degradation of phenol, e.g., with Sloeoporua dic hron*. 
or Khodntorula glutinar.; the degradation of wood; 
phoephate removal ia sewage treatment, e.g, with 
Chrysospor-KTm pannorum. Gcotrictam candiduic . Mucar 
hiemal i g , and Ifreoilomvoes ca-rm^. water pollution 
control, e.g., with Bhodotortaa R l^r^ and Tj-icho- 
theoium roseum; * and the production of deatraae by the 
fermentation of sucrose, e . s ., with Xeucono stoo mesent- 
e r oa ,de s and jBetacoccue arabino sa ^* T a „rf tlle produotioil 
15 of inanunopolysaccharides. 

Ihe following examples are illustrative: 

Eleotroetimulated and conventional fomentations 
were carried oul in a hatch reactor. 
20 2he reaction broth was prepared by plying 1 5 00 

• milliliter of distilled water in a sterilized 3 liter 
beaker. Carbohydrates-, water and nutrients were added 
to the beaker in the following Quantities- 
Glucose 220 grama 

25 •.. a* 31 * 3'grams 

(HV 2 S0 4 6 grams 

K 2 HP0 4 . 2,4 grams 

' 0.4 grams 
'Distilled Water to make 2 lif-ro 
thereafter, a 200 milliliter portion of the glucose 
solution was placed in a sterilized container and 14 
grama C f Sleischmann's Baker's .Yeast, Saooharomvces 
o^rev^ae, was added thereto and stirred to form a slurry 
The yea S t- 6 lucose slurry wae divided into two equal 



30 



65/31/2B01- 15:42 0064215505 



RCCDFAX 



PACT 14/27 



.0041373 

12. 

portioziB of 100 millilitcro each and put" into" tvu 'i liter 
Bterllis&ed resin kettles* To each or the divided yeast- 
glucose slurries were added* 2U1 fraaa of coxui meal* and 
700 milliliters of the glucose solution. . 
5 {The outlete * of both reactoro were connected to 

wet test meters to measure the gas produced.' One reactor 
was run without electrical stimulation. * 

The other reactor had an electrode pai:x- of tvo 
4 square inch stainless steel eleotrodco, 4* centimeters 
10 apart* • A siftuul p;t?neratox* wns utilised to. generate a 

300 kiloherts, eine wave, voltage signal; • k inilivolt 
signal caused a current of 1.5 milliamperes to flow. 

Eight simultaneous, . side-hy-side runs ' were made, 
•with one react ox*- having ^lecUrical. stimulation and the 
15 other reactor "being unstimulated. 

Ths results sh-oVm. in Table I, below, were obtained.; .* 

TABUS I • 

COHE&itlSOlSr Off ELECTEO-STIMDIitLTED- SCTMEHTATICffif 1fITH 
' " COTTyEHTlOHA,!) rERTiSISTATTOff 



20 


» 

Lengbb. 

or son 


Chn>T?ent 
tmilli- 


• Moles of 
Efctiauol- 
Stamulatcd 
teei. ch.ro- . 
mat 0 graphic ) •'• 


Moles of 
Efcbanol- 
• Unstimulated 
CgeJ r-hro- 

matoserapliicO 


25 


26.5 . 




; f . 0.476 ' 


0.456 . 




•is 


1,25 ■*' 


."■ 0.506 


'.' 6.475 




22 


1-5 


. :o.56i 


0.469 


* 


47-5 




0.967- 


O.?30 




23-4 




o.fcoo • 


0-855 


30 


27 




0.420 . 


• o.?90 




43.4 


1-5 -6.1 


. 1-Mb 


1 .16 ; 




25-5 


2.25-6,5 • 


. 0.713 ' ' 


O.707 • 



Electros tiajulated fermentation was carried out in 
35 a hatch reactor to delexrmine the effect oX current and 



85/31/2981 • 15:42 0884215505 



RCCDTAX 



PAGC 15/27 



0041373 

The reaction broth Spared ^ plaol?lg one 
liler of distilled watPT in a sterilise beaker 
Carbohydrates, vater and nutrient* were added to the 
beaker in the following quantities s 
5 Sucrose 100 gsmAtew' 

H ? 01 1-5 Srams/liter ■ 

ngBPO^ i. 2 grams/liter 

KH 2 PD 4 . 0<2 grems/liter 

nu Distilled water ■ 

1.2 liters ct the solution were placed in a 1.5 lit^ 
resin kettle. 

Thereafter, 7.0 grams nf Fleischmann's dried Baker « a 
Teast, saecnaromyces oerevioiae, was poured on top of the 
15 reaction broth. The reactor was then closed, with E as 

venting through a water coal bubbler. The mijeture -was * 
allowed to stand for 18 hours. 

Thereafter, at 24 hour intervals, the slurry was 
removed from the reactor by asplraxion and filtered to 
20 recover rhe yeast cake. The yeast cake was added to 1 0 
- liter of fresh reaction brolh and returned to the kettle 
which was sealed wit* « .gas veat to a burette of 1 percent 
sulfurio acid and stirred for 5 minutes. 

^ ***** tW ° b0U:r,S ' * m & s ladings were token 

^ one half hour intervals, and used to calculate a 
. base gas evolution rate, fio. Thereafter, electrical 

stimulation was commenced. Pour'-guo volume readings were 
taken at half hour intervals beginning one hour after 
electrical stimulation, and used to calculate a test gas • 
evolution rate, • p or the fermentation with electro- 
stimulation, ^ is the gas evolution rate. For the 
fermentation without electrostimulation, ZU is the gas 
evolution rate measured simultaneously with and calculated 
in the same way as the ^as evolution rate lor electro-. " 
stimulation. • after thres Ws of electrical stimulation 
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the current was turned off for- 19 hours , and th.cn 
reaction slurry removed as descxdbed above* 

>;aoh electrode was a nickel wire, 0.63 mill im eters 
diameter) spiraled twice around a four inch ClO cm) Ions, 
5 millimeter diameter glass rod. The electrodes were 
opaocd 6.5 to ?.0 centimeters apart. Voltage was 
provided by a uynascan 3010 function generator. 

The effect of applied electriual field was as shown 
in Table IT below: 

TABIS II 

EFFECT OP APPLIED CUEEEHT (AT 100 KILOHEHTZ) 
ON (i/LS KVOIJPPIDN • 



Current 
(milli- 
amporoc) 

0.15 

0.15 

1.5 

1-5 



(VKo) 
(without 
curre nt j 

•1.05 
0.92 
• 1.01 
0,98" 



(V E °) 

(wifh 
cur rent) 

1.15 
1.02 
1.13 
1.17 



(IW'Eo)witn 
currant 
OsU/Ko) without 
current 

1.10 

1.11 

1.32 
1.19 



• . The ef foot of frequency was as shown in Table III 
below: 

■ ' TABLE IH 

EFFECT OP PPEQTJPKCY (AT 0-15 MILIrlAMEEBES) 
.•" - • Off GAS EVOLUTION ■ 



Jflpequency 
UsiloherG z ) 

10 
100 
100 



(yHo) 

(without 
current) 

0.83 
1.05 

0.92 



(Bj/Eo) 

(with 
current) 

0.92 

1.15 
1.02 



(Bm/So) with 
current 
(B^/koj wmnout 
current 
1.11 
1.10 • 
1.11 



EXAMPLK TIT 



>5 



Fermentation of glucose with s.cervisiae was carried 
out with and without electrical stimulation. 
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A "broth was prepared containing 220 grama of 
gluoooc, 7.5 grams uf S.cerevisae . .10 grams of KH 01 
22 grans or W^EPO^ x ? HgO, 12 grau* of KHpPO. , *" ' 
1 gram of Mg30 4 , and 0.04 grams or CaOU, and diotilled 
water to jaaire two lit ere. 

The hroth was divided into two portions and placed 
. in sterilised resin kettlec; "Both kettles were stirred 
continuously with a magnetic stirrer. One kettle, • 
intended for electrostimulation, had an electrode pai-r 
eaoh electrode was a 0.63 millimeter diameter nickel * 
wire spiral ed twice around a four inch (10 c ffl )long, 3 
millimeter diameter, glass rod.- U»he electrodes were 
spaced 6-5 to y.O millimeters apart. ' 

She fermentation wus carried, out at 30 degrees "' 
Centigrade tov 23.5 hours. A signal generator was 
utilized to generate a 300 kiloherUa, ,50 millivolt, sine 
wave signal.- The results shown "below were obtained: 
S.0BE7IBI &E FEEHENTATlbir 

. • ' ' op glucose 

f • 

• " WITHOUT 
;\ • - . ELECTRICAL 

STIMUIA/PIPM 

PREQUERCY . m • . 

CURRENT ■ _ • 

UTITIAI. YEAST (fiHAMB/ 
LITER) 

PIKAL YEAST (GRAMS/ 

LITER) 
INITIAL GLUOCJBT? (GRAMS/ 

LUES) 
PnVAT, GLUCOSE • (GRAMS/ 

•LITER) 

TNITIAL AICCJT01 (GRAMS/LITER ) 0. 7 
PIHAL ALCOHOL (GRAMS/LITER) 45.0 



WITH 

eleotrioal 
stzmuiatior - 

500 kilohertz 

1»5 iriilliamperes 



3.4 
8-8 
108.9 
4.3 



GRAMS OR YEAST/GRAMS OP 

GLUCOSK-ROUR 2.18 x lO~ 5 
GRAMS OP ALCOHOL/GRAMS 
OR GLUCOSE-HOUR 



*-5 
9.3 ■ 
IOS.3 

<0.20 
• . 0.8 
5A-.4 



■s-3 



GRAMS OP ALCOHOL/GicAMO 
. OP YEAS"!' (PINAI,) 



1-71 x 10' 
4.87 



.-2 



2.85 x 10" 
2.18 X 10*" 2 
5.72 
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CJST.Ti COUNT OP 200 SQUARES (three pipette samplee per 
kettle) • 

SAMPLE 1 660 865 

SAMPLE 2 739 891, 

5 . SAMPLE 5 652 ' 804 

MEAN . 677 8jjJ> 

"RANGE 107 91 . 

STANDARD DEVIATION 63 53 

FEHO&N'I 1 HTCLflTIVE 

10 STANDARD DEVIATION 9.3 6.2 

■nZKEEEENCE IN MEANS 17B 

C-,2 +- 2" - 47 



„ ^ ' ( a * 1 standard deviation 

1-5 (e 1 is the stranded level) 
' deviation and n^ is the 

number^ of replications) » 

• • * *■ • * 

The student's "t" test was applied Lo the cell J 
counts. A Qt or 3-79 wjtfh a probability of 0.02 was . i 

20 obtained. That io, the probability" that random errors » 
would result in Ihe 26# relative difference observed 
was less than 2 percent. 

A series of tests were conducted to compare 
25 electrostimulaltja fomentation *w±th conventional 

"feTjnaritation. For each test a simple nutrient solution 
was prepared. A portion of the nutrient solution was 
.withdrawn to malra a yeast solution. The remainder of 
the nutrient solution was * divided into two equal 
50 portions and placed into two identical ' laboratory 

fermenters. Both feimentere had on clectxode pair. 
Pleischinajin , i: Baker's Yeast, Saccharomyces cervisiae » was 
slurried in the remainder of tho oingle nutrient 
solution. The nutrient solution, containing the yeast, 
55 was divided in half. Each half was placed into one of 



the two identical laboratory ferment era. A voltage 
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signal was applied across one solution only of the pair. 
Solution snmplea were nimultoneously taken from both 
oolutioas of - the pair. Differences between the two 
fermentations of a pair were attributed to electro- 

5 otimulation, while differences between ecto of pairs of 
fermentations were attributed to conditions of the 
nutrient and innoculum solutions prior- to commencing 

. the tests. 

For each fermentation a resin kettle f exmenter was 
10 US P.d. She resin kettle fermenter had an inside dian>*ter 
. - of 10 centimeters, a depth* or 1$ centimeters, and was 

sealed on top. Each rccin kettle fermenter had a sample 
probe, a pH probe, a mechanical stirrer, a sodium hydroxide 
inlefr, a gas outlet, and tan electrode pair. The 
1.5 electrodes were a pair of two inch (5 cm) hy two inch 

(5 cm) Stainless steel plate electrode© opaced two inches 
(5 om) apart. 

A glucose solution was prepared by adding in order- 
Glucose - a^O 220 grams, ^ * 

20 ^Cl 10 grams 

iia 2 HP0 V 7^0 22 grail 3 

. • ^^O/j. 12 Kx-am 

, 1 gram 

- • CaOlg . 0,04 

^2° ' • "to make 2 liters 

!Dhe glucose solution was boiled, and the pH was 
adjust ed to pS— 5 With n^KJ^. 

A yeast slurry wac prepared by withdrawing 200 
milliliters of the glucose solution, «nd stirring 3.6 
grams r>f PXeischmann's Baker's Yeast Sa ccharoncyces 
*. e K??i s i- ae . into the nutrient. 

Each test was commenced by dividing the nutrient 
solution into two S00 milliliter- portions and placing 
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dtip. poT*ff on of the iiutrient solution into cdcli resin 
kettle fexraeober. . Thereafter the slurry "bf yeast wad 
.nutrient was divided into tvo 100' milliliter portions. 
One portion of the yeast-nutrient -slurry va'fl added to 
each of the resin kettles. 

Tile x-esin kel'Ules were maintained 'at ; a temperature 
o£ 30 degrees Centigrade "by iamercibn in a water "bath*. 
Tlie pH was maintained between pH 4.7 and pH 5-2 "by 
Addition of aqueous ITaOH. In each. run a* 30O kilolierta j 
1.5 milliampere! 50 milli'vulL si^n?*! was* applied across 
tlie electrode pair in one .kettle. jTo: Signal wag applied 
to tlie electrode pair in tlie other, kffttle.- " 

'i'Jie ro3 loving results were oVsained? 
S et 1 : 

Ebfayl / 

Alcoliol • Glucose 

(grms/ (grnis/ 

" " " * - liter) 



TIME 



(hours) 

1-25 
5 



lit or ) 

1.17 
1.87 



Ettayl-. 
Alcohol 
(gnus/ 
liter) 



Glucose 
liter) 



98 

96 



1-96' 



100 

98 





6 


5.28 


7a " 


5-72 


79 








' • <6.25 


.40.4. . 


^0.25 


25 


Final Yeast 










(gnus/liter) 2-54.'. 


• 2.63 






Set 2 






> 




• 


EIAP9ED 


HO 


CUBHEHT 


-CDKBEHT 




TIKE 














Ethyl .' 




• Ethyl 








Alcohol 


Glucose ' 


-A.lo.ohn1 


Glucose 








■. (gnus/ 


(grms/ ' 


CgPIDR/ 




.liter),' 


liter) 


liter') 




1 


0.6?. 


. 98 " 


.0.09 • 


103 


55 


2 


0:55 • 


85 


0-7. 1 . 


96 






2.7 


7* 


.2.2 


76 ' 




6.5 


5.6 • 


72 


6.9 " 


64 




28 • 


no. 2 • 




• 57.0 


<0.25 



40 



Pinal Yeast 
(gnas/liter) 



0.466 



0.504 
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EIAPSED 
TH-ffi 



_(hOUrs) 

1 

3 

6 
22.5 

Pinal least 
(grins/liter) 

Set a» . 

EIAPSED 
TIME 
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Ethyl 
ATcohol 
(grins/ 
liter ) 

3-0 

0.5 
22.9 

57-9 
4«..2 



Glucose 

(grtns/ 

litfexO 

8? 

87 
40 
19 
<0.25 



9-0 



KO Q0HREHT 



Ettoyl 
Alcohol 
(girma/ 
liber") 



Glucose 
(gxms/ 



Final Teast 
Csxma/liter) 



CURRENT 



Ethyl 
Alcohol 
(gaaao/ 
lit qt) 

5.5 
11.0 
28.0 
37-0 
48.7 



'Glucose 

liter ) 
88 
70 
45 
19 

<b,25 



9.8 



CTOEEKT 



Ethyl 
Alcohol 

(gXTUts/ 

lite*}_ 



1 


0.7 


105. 


0.6 


2 


2.9 


98 


t«5 


5 


3.1 


84 


5.4 


4 


5.2 


78 


5.4 


5 


11.6 


GO 


10.5 


G 


18.7 


00.2 . 


19.9 


7 


24.8 


.3 


27.1 


8 


31.9 




32.0 


9 


41.7 




51.0 


2/1 


40.0 


C0.25 


56-0 



Glucose 

liter) 
110 

95 
92 
62 
62 
10.3 
-5 



<0.25 



8,9 



9.6 
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Get £ 

ELAPSED TO CURRENT CUjtttElfl' 

TIME 



5 




Ethyl 
Alcohol 
(stub/ 
liter) 


Glucose 

(grms/ 

liter) 


Efchyl 
Alcohol 

1 I f* 'IIIW 0 / 

liter) 


Glucose 
liter) 




1 


1.0 


109 




107 


* 


2 


2-0 


90 


2.8 


97 


10 


5 




81 


5.1 


83 




4 


9.5 


00 


0,0 


80 






17.0 


70 


17.? 


69 




6 


19.1 


54 


17.7 


56 




? 


21.7 


35 ' 


V4.0 


39 




8 


52.4 


21 


37-1 


27 . 




25.5 


41.4 


- 4 


4S-.9 


<0.25 



. Final reast 

(gims/liter) 9*9 10.5 



- " While tlie ixivention* has "been described \ritli respect 
20 to certain exemplifications and embodiments , tHat is 
with, respect to certain microbes, i«e., bacteria, 
actinomycetea, Tnngj., and yeasts, certain substrates, 
i.e.) hydrocarbons, and carbohydrates, and certain 
. products, it is not to be so limited, except as in tHe 
25 cloino appended hereto. 
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QTjATTuS 

1 0 A method of fomenting a substrate with a 
microur^fcLaism by forming a broth comprising the substrate 
and the microorganism, and forming .a ferment a Lion product 
5 therefrom uliaracterised- in. th^t .a fermentation stimulat- 
ing electrical signal ..io imposed across the broth* 

/ * -2o A method according to claim 1 characterised 

in that the micro organism i 0 yeast r actinoinycett?s % 
bacteria, or. unicellular blue-green, algae- 

1^ 3. A. method according to ^ft^w 2 character ised 

in that the- yeast is ^ Saccaaromyoldea.e nr a Sacchar- 
ouivces cervisiae * 

• * 4o A me bhod acoordihg to claim 1 , 2 or 3 
-.characterised in that the Bubstratc i3 a carbohydrate, 
15 hydrocarbon oz* amino p.cid c 

5d A method according to olaim 4 characterised 
in 'that the carbohydrate is glucose, fructose or 
mannnse* 

6* A method ^ccurdin^ to claim 4 characterised 
20 in that the carbohydrate is a polysaccharide, 

7c A uietliud according "to any of claims 1 to 

6 charanteri.sftd in that the electrical signal is 
an altcrnatins current signal or a pulsed direct 

. * current signal. 
'25 8a A method according to any of c3 aims 1 to 7 

• „ ©haracterised in that the electrical signal has a 
f*equenoy of 0«1 kilohert^s to 10 megahertz. . 

9. - A method according to any or claims 1 to 

7 wherein the electrical signal has a frequency of 
30 1 kilohertz- to 1000 IcLLohertZo 

10. A method according to any of o laimc 1 to 
9 characterised in that the current per unit of ini:er- 
electrode volume is from 1 x 10~ 5 to 30 x 10^ ailli- 
umpex^eB per cubic centimeter » 
5^ 11o A niftthod according -to any- of claims 1 to 10 

characterised- in that the current per unit of brotn is 
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from 1 x 10"* to 50 x 10~* milliamperes per cubic 
eontixaetor. 

12« A method according to eny of claims 1 to 11 

characterised in that the current density is from 2 x 

—2 —2 

5 10 to 50 x. 10 nri.n iauapertss per square centimeters. 

15d A method Acanrflin;; to any of claims 1. to 12 
charafctcrioed in that the voltage flux is Od to 5 
millivolts per certti meter* 

14p A method according to any of claim* 1 to 13 
10 " characterised In that the interelectrode ^ovrer dissipat- 
ion io from 0*2 x lO - ^ to 6 ^ 10~ 7 watts per cable 
centimeter of interelectrode vmnTr.fi. . 

• 15* & method according to any of flflg^ma 1 to 14 
• characterised in that the brnth power dissipation is 
15" from 0 o 2 x 10 to 8 jc 10 watts per -cubic centimeter 
of broth* 
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